Background: Long non-coding RNAs (lncRNAs) are emerging as important regulators in the modulation of virus infection by targeting mRNA transcription. However, their roles in chronic hepatitis B (CHB) remain to be elucidated.
INTRODUCTION
Chronic hepatitis B virus (HBV) infection continues to be a major health burden globally, especially in China. It is estimated that there are 280 million individuals living with chronic hepatitis B (CHB) worldwide and approximately 90 million in China [1, 2] . According to the serological profile, HBV infection can be divided into two well-distinguished subsets of subjects: asymptomatic HBV carriers (ASC) and CHB patients. ASC are a cohort of patients who are in an immune tolerance phase with normal serum alanine aminotransferase (ALT) levels despite massive antigen levels and high-level of HBV replication. In contrast, CHB refers to hepatitis B virus-positive patients with the clinical manifestations of chronic hepatitis [3] . Compared with ASC, the development of HBV-mediated liver disease in CHB is more likely to lead to liver fibrosis, cirrhosis and, eventually, hepatocellular carcinoma [4] . In additional, since the hepatitis D virus (HDV) is a defective RNA virus in hepatocytes, its replication and proliferation require HBV assistance. Previous research has found that HBV infection co-exists with HDV infection, resulting in co-infection or superinfection. Some research works have revealed that if both HBV and HDV were infected at the same time, there was a cumulative and additive effect on liver damage [5] . Stroffolini et al., found that HDV infection jointly affects both HBeAg status and HBV DNA could lead to severity of the liver. However, the researchers proved that in the HBV and HDV coinfection, decreased serum levels of HBsAg, HBeAg and HBV-DNA were found to be resulted from the HDV replication which could inhibit HBV replication. So, clinicians emphasized the superinfection of HDV and HBV, and paid attention to the biochemical examination of HBV-DNA and HDAg [6, 7] . Despite extensive research, the HBV immunopathogenesis is not completely understood. Viral persistence and clinical outcomes following HBV infection depend on viral and host factors; including genetic factors that determine a host's immune mechanisms. The primary goal of HBV treatment is to eradicate HBV or to at least maintain the suppression of HBV replication. Despite recent advances in anti-viral agents (pegylated interferon or a nucleos(t)ide analogue) for chronic HBV infection, complete eradication of the virus is difficult to achieve. Further, anti-viral agents could not be extensively used because of the generally low income and limited resources in China [8, 9] .
The recent advent of next-generation RNA sequencing (RNA-Seq) and publication of reference genomes for many organisms have allowed researchers to study transcription profiles. The majority of the mammalian genomes are transcribed, of which only 2-3% are protein-coding RNAs (mRNAs) and the rest are noncoding RNAs [10] . Long noncoding RNAs (lncRNA) are a class of non-coding RNAs longer than 200 nucleotides that make up the majority of the transcriptome. Accumulating evidence suggests that lncRNAs play critical roles in various biological processes, including chromatin modification, regulation of transcription, influence of nuclear architecture, and regulation of gene expression at the post-transcriptional level, and are also reported to interact with mRNA and proteins during these processes [11] . lncRNAs have now emerged as critical regulators of gene expression in the modulation of immune responses upon viral infection. Infected cells may express viral lncRNAs, cellular lncRNAs, and chimeric lncRNAs formed by viral and cellular sequences. Some viruses express viral lncRNAs whose function is essential for viral viability. Expression of cellular lncRNAs may be altered in response to viral replication or viral protein expression [12, 13] .
In addition, Salmena et al. proposed the one particular breakthrough-ceRNA hypothesis, which refers to the regulatory model where RNAs can regulate each others' expression by competing for common miRNA response elements at post-transcriptional levels [14] . The ceRNA network links the function of protein-coding genes (mRNAs) with the functions of non-coding RNAs (such as lncRNA) and plays an important role in a diverse range of biological processes [15] . Understanding this novel ceRNA network will lead to significant insight into gene regulatory networks and have implications in the pathogenesis of diseases, such as tumor [16] , immunopathy [17] , and genetic disease [18] . Lu et al., found that lncRNA BC032469 could function as a ceRNA to impair miR-1207-5p-dependent hTERT regulation, suggesting that it may be clinically valuable as a poor prognostic biomarker of gastric cancer [19] . Three key lncRNAs revealed could be used as potential diagnostic biomarkers and therapeutic targets for rheumatoid arthritis by ncRNAmiRNA-mRNA network analysis based on ceRNA [20] . Moreover, Zhang et al., indicated that a potential link between Alzheimer's disease and circRNA-associated-ceRNA network and circRNA-associated-ceRNA networks could profoundly affect the diagnosis and treatment of Alzheimer's disease in the future [21] . All the evidence proved that the ceRNA mechanism participated in the maintenance of normal physiological state, occurrence and development of diseases. However, the role of cellular lncRNAs and the ceRNA regulatory network in HBV infection is not well clear.
In this study, we performed a microarray analysis to detect the lncRNAs and mRNA expression profiles in patients with CHB and in ASC individuals. In addition, we performed a comprehensive analysis of lncRNAs and mRNAs with associated co-expression, cis-regulation, and competing endogenous RNA (ceRNA) networks in CHB. We identified the imprinted lncRNA T039096 and ZFP57 gene targets in CHB, which might be associated with CHB development. Our findings may provide a new avenue for investigating the pathogenesis of CHB.
MATERIALS AND METHODS

Experimental Subjects and Samples
The study group included 30 ASC patients and 30 CHB patients who were recruited from the First Affiliated Hospital, College of Medicine, Zhejiang University, between 2014 and 2017. All of the patients were definitively diagnosed according to the American Association for the Study of Liver Diseases (AASLD) 2016 Practice Guidelines for Treatment of Chronic Hepatitis B [22] , and all patients were not administered anti-viral agents before diagnosis. Clinical data of patients are listed in Table 1 . Among the 60 samples, 3 ASC and 3 CHB were conducted for sequence analysis. The selected criteria were as follows: 1) All the patients were female and between the ages of 30 and 40; 2) All of the subjects were first diagnosed with hepatitis B virus infection, received no antiviral treatment, and excluded immunity, infection and tumor diseases; 3) CHB samples had fatigue, anorexia, poor mental condition, insomnia and other symptoms. Physical examination revealed yellow staining of the skin and enlargement of the liver. Whereas, there was no clinical manifestation of ASC; 4) HsAg (+),HeAg (+), and HcAb (+) for CHB and ASC. HBV-DNA > 10 E+5 for CHB samples, whereas no HBV-DNA for ASC. ALT > 100 U/ml and AST > 100 U/ml for CHB, whereas no ALT and AST for ASC. Total bilirubin (TB) >51 for CHB samples, whereas no TB for ASC. 5) Other biochemical tests were normal for both CHB and ASC. The study was approved by the Clinical Research Ethics Committee of the College of Medicine, Zhejiang University, and all the patients provided written informed consent for participation. After venous whole blood collection, peripheral blood mononuclear cells (PBMCs) were isolated by density gradient centrifugation using Hypaque-Ficoll (GE Healthcare Bio-sciences AB, Uppsala, Sweden) according to the manufacturer's protocol. Then, the PBMC samples were lysed with TRIzol ® Reagent (Invitrogen, Carlsbad, CA, USA) and stored at -80°C. RNA quantity and quality were measured with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). The RNA integrity was assessed by standard denaturing agarose gel electrophoresis. global profiles of human lncRNAs and protein-coding transcripts. This array contained 32,667 LncRNA probes and 20,730 coding transcript probes, and they were collected from the most authoritative databases, including Refseq, UCSC known genes, Ensembl, as well as landmark publications. The Agilent Array platform was used for the microarray analysis. The sample preparation, RNA quality control, labeling reaction, microarray hybridization, slide washing, scan, and data extraction were performed according to the standard Arraystar protocols with minor modifications. Agilent Feature Extraction software (version 11.0.1.1, Agilent Technologies) was employed to analyse the acquired array images. Quantile normalization and subsequent data processing were performed by the GeneSpring GX v12.0 software package (Agilent Technologies, Inc.). Differentially expressed lncRNAs and mRNAs with statistical significance between two groups were identified through scattering plot and volcano plot filtering with a threshold of fold-change >2 and P<0.05. Scatter plot and volcano plot filtering were used to distinguish the significantly differentially expressed LncRNAs and mRNAs between the two groups. Significantly different expressions of LncRNAs and mRNAs were revealed through Fold Change filtering. The microarray work was performed by KangChen Bio-tech (Shanghai, China).
GO and KEGG Pathway Analysis
The GO (www.geneontology.org) enrichment was calculated to assess the biological process, cellular component and molecular function of the differential expression genes found [23] . The differentially expressed mRNAs were mapped to terms in the GO database, and the number of genes of each term was calculated. The P<0.05 denoted the significance of GO term enrichment in the deregulated expressed genes. Pathway analysis was used to investigate the differentially expressed mRNAs according to the Kyoto Encyclopedia of Genes and Genomes (KEGG; http://www.genome.jp/kegg/) database [24] . The p-value indicated the significance of the pathway correlated with the conditions. P<0.05 was considered statistically significant. Fisher's exact test was used to select significant GO terms and pathways.
Correlation Analysis Between lncRNA and mRNA
A network between lncRNA and mRNA was constructed based on the correlation analysis among DE lncRNAs and protein-coding genes. For each pair, the Pearson correlation coefficient was calculated to assess the correlation. Pairs with absolute values of Pearson correlation coefficients not less than 0.90 were selected to design the network using Cytoscape (National Resource for Network Biology).
Cis-correlation Analysis
The cis-regulatory regions were identified by the following procedures. For each lncRNAs, we identified the mRNAs as "cis-regulated mRNAs" when: (1) the mRNA's locus was within 300k windows up-and downstream of the given lncRNA, (2) the Pearson correlation coefficient of lncRNA-mRNA expression was significant (P value of correlation less than 0.05).
ceRNA Analysis
According to the ceRNA hypothesis, lncRNAs compete for the same miRNA response elements and act as 'molecular sponges' for miRNAs, thereby regulating the derepression of all target genes of the respective miRNA family. The MiRNA targets on mRNA 3′ untranslated regions (UTR) and lncRNA were calculated using the PITA algorithm (http://genie.weizmann.ac.il/pubs/mir07) and the ceRNA network was built by using Cytoscape software.
Real-time Quantitative PCR Validation Analysis
Total RNA was extracted from the PBMCs collected for microarray assay by using TRIzol reagent (Invitrogen). Then, the extracted RNA was reverse transcribed using the PrimeScript RT reagent kit with gDNA Eraser (Perfect Real Time) (TaKaRa, Dalian, China) according to the manufacturer's recommendations. The primer sequences for the selected lncRNAs and protein-coding genes are listed in Supplementary Table 1 . The qPCR was performed using SYBRGreen (TaKaRa), and GAPDH was employed as an internal control. The expression of each lncRNA is represented as fold change using 2 -Ct . Student's t-test was utilized to analyze the significance of the expression differences between CHB and ASC. The value of P<0.05 was considered significant.
ELISA
The serum ZFP57 protein level was quantified using a commercially available ELISA kit (Shanghai Elisa Biotech, China)) according to the manufacturer's instructions. The optical density was measured at 450 nm using a Model 680 microplate reader (Bio-Rad Laboratory, CA).
Statistical Analysis
The fold change and Student's t-test were analyzed for statistical significance of the microarray results. The false discovery rate (FDR) was calculated to correct the P-value. The threshold value used to designate differentially expressed lncRNAs and mRNAs was a fold change of >2.0. P<0.05 was considered to indicate a statistically significant result. An unpaired Student t-test was also conducted to test the association between expression levels of ZFP57 and T039096 and clinical signatures of CHB. Statistical analysis was performed by SPSS 21.0 (SPSS Inc., Chicago, IL).
RESULTS
Identification of DE mRNA and lncRNA
We performed a genome-wide analysis on 3 CHB patients and 3 ASC individuals. DE mRNAs and lncRNAs were selected when they were altered by a fold change greater than 2.0 (P value < 0.05). A total of 1634 mRNAs and 5550 lncRNAs were found to be DE between CHB and ASC. Among them, 3325 lncRNAs were upregulated and 2225 were downregulated (Fig. 1A) , whereas 675 mRNAs were upregulated and 959 were downregulated (Fig. 1B) . Concerning the mRNA expression, there were 5 upregulated and 8 downregulated genes with greater than 10-fold change. The top 20 DE gene (DEGs) mRNAs are summarized in Table 2 . ZFP57 was found to be the most DE mRNA whose fold change reached 320. Similar to the DE genes, 15 upregulated lncRNAs and 21 down-regulated lncRNAs were identified with expression changes greater than 10-fold change. The top 20 DE lncRNAs (DELs) are summarized in Table 3 . The DELs and DEGs were further screened by heat maps (Fig. 1C, D) . The analysis revealed that the CHB patients could be distinguished from ASC cases in terms of a different heat signs evident in each case. 
GO and KEGG Pathway Analysis
GO enrichment analysis of DEGs provided a measure of functional significance: the more the enrichment, the more the specificity. GO analysis revealed upregulated DEGs related to positive regulation of immune responses, regulation of defense responses, immune effector processes, and inflammatory responses ( Fig. 2A) , and downregulated DEGs are mostly related to biological regulation, metabolic processes, regulation of biological processes, and regulation of cellular processes in biological functions ( Supplementary  Fig. 4A) . Upregulated DEGs are involved in cellular components related to intrinsic and integral components of membranes (Fig. 2B) . Downregulated DEGs are related to intracellular, cell components, membrane-bounded organelles, and intracellular organelles (Supplementary Fig. 4B) . The enrichment of upregulated DEGs was observed to be associated with molecular functions, largely related to G-protein coupled receptor binding and transferase activity, transferring glycosyl groups (Fig. 2C) . Downregulated DEGs were related to protein binding and organic cyclic compound binding ( Supplementary Fig. 4C) . Additionally, KEGG pathway analysis indicated that 19 pathways were significantly enriched among the DEGs. These included the TGF-signaling pathway and complement and coagulation cascades in upregulated DEGs, (Fig. 2D, Supplementary Fig. 4D ), which are important in viral infection immune processes.
Co-expression of lncRNAs and mRNAs
To further explore the potential regulatory mechanisms of the DELs, an lncRNA and mRNA network was constructed based on correlation analysis. We chose the top 20 up-/downregulated lncRNAs and mRNAs to construct coexpression networks according to the degree of correlation. Only the strong correlations of Pearson correlation coefficients (≥0.90) and threshold of FDR less than 0.05 were selected to construct the network, and Cytoscape was used to construct the co-expression network. The co-expression network consisted of 1196 co-expression relationships between the top 20 up/downregulated lncRNAs and mRNAs (Fig.  3A) . As ZFP57 was found to be the most DEG, we analyzed the lncRNAs that correlated specifically with ZFP57. We found 213 lncRNAs that correlated with ZFP57 (Fig. 3B) , indicating possible regulatory roles of many DELs for ZPF57. In KEGG analyses, we revealed that the TGFsignaling pathway and complement and coagulation cascades involving the DEGs were viral infections immune processrelated. Complement and coagulation cascades contained 1266 co-expression pairs, involving 5 DEGs and 798 DELs (Supplementary Fig. 1A) . The TGFsignaling pathway contained 1819 co-expression pairs, involving 7 DEGs and 1251 DELs (Supplementary Fig. 1B) . The findings suggested that these DELs might also play important roles during viral infection immune processes. An lncRNA-pathway network was constructed to identify the possible functions of lncRNAs, thus supporting that the pathway is regulated by the corresponding lncRNAs. Eleven lncRNAs were linked with 11 enriched pathways, including lncRNA T039096, which was linked with the TGF-signaling pathway (Fig.  3C) . Besides, the mRNA-pathway network was constructed to identify the mRNAs connecting the pathways. The results showed 147 mRNAs to be linked with 21 pathways (Fig.  3D) . TGF-beta signaling pathway and complement and coagulation cascades were connected by HLA-DOB, CD19, CR2 and CREBBP. The outcome suggesting these DEGs and DELs participating in the pathways play a central role in regulating the CHB. 
Fig. (1). Differentially expressed lncRNAs and mRNAs. Volcano plot of differentially expressed lncRNAs (A) and mRNAs (B). Heat map showing hierarchical clustering of differentially expressed lncRNAs (C) and mRNAs (D). (A higher resolution / colour version of this figure is available in the electronic copy of the article).
Cis-regulation Analysis
As lncRNAs are physically linked to the loci encoding them, they may have the ability to function during or immediately following the process of transcription. To understand the cis-regulation of lncRNAs in CHB, the lncRNAs and the associated protein-coding genes that were screened by Pearson correlation coefficient analysis were further mapped to their genomic loci. We examined the top 10 up/downregulated lncRNAs to identify their nearby coding genes. Each genes. Each lncRNA had a different number of neighboring coding genes. The number of adjacent coding genes ranged from 0 to 5 (Fig. 4A) . These networks provide valuable clues about these lncRNAs and their flanking coding genes. In addition, we noticed that several of the DELs targeted ZFP57, the most upregulated expressed DEG. These included uc.362, HLA-F-AS1, and T039096 (Fig. 4B) . Interestingly, we found that T039096 was also correlated with ZFP57 in lncRNA and mRNA co-expression analyses (Fig. 2B) , indicating a possible regulatory role of T039096 for ZFP57. 
Construction of the ceRNA Networks
We predicted ceRNAs for the top 10 up/downregulated lncRNAs, and the ceRNAs were intersected with the DE mRNAs and miRNA ( Supplementary Fig. 2) . The result revealed 275 mRNAs and 632 miRNAs acting as ceRNAs of the top 10 up/downregulated lncRNAs. Because ZFP57 was the most upregulated expressed DEG, we constructed ZFP57-related ceRNA networks based on lncRNA/miRNA and miRNA/mRNA interactions. The networks represented the ZFP57-specific ceRNA interactome, and the ceRNA network covered 3 lncRNAs and 5 miRNAs, with 20 edges (Fig. 5) . lncRNAs shared a common binding site involving the miRNA response element. lncRNAs such as ENST00000525233, were the ceRNA of hsa-miR-508-5p, hsa-miR-766-3p, hsa-miR-6849-3p, and hsa-miR-6720-5p; ENST00000399123 was the ceRNA of hsa-miR-766-3p, hsamiR-6849-3p, and hsa-miR-6720-5p too. The DE ceRNAs might provide clues to functions of ZFP57 in CHB. 
Validation and Association Analysis
Since ZFP57 was mostly found to be the DEG, whose fold change reached 320, T039096 was correlated with ZFP57 in lncRNA and mRNA co-expression, cis-regulation, and in lncRNA-pathways network analyses. Hence, we further validated the expression of ZFP57 and T039096 in 30 CHB and 30 ASC patients using qRT-PCR. The results showed that the expression of ZFP57 and T039096 increased in CHB compared to ASC (Fig. 6). Our results demonstrated the level of ZFP57 and T039096 expression by qRT-PCR which were consistent with the microarray analysis. Moreover, serum ZFP57 levels were found to be significantly higher in CHB than in ASC by ELISA methods analysis ( Supplementary Fig. 5) . In addition the expressions of ZFP57 and T039096 in 30 CHB and ASC sample were certified by qRT-PCR, and we found that there was no significantly different expression of lncRNA-T039096 and mRNA-ZFP57 between 30 CHB or 30 ASC samples. The similar results were found in three CHB and ASC samples analysis. (Supplementary Fig. 3) . Furthermore, based on the qRT-PCR result, we revealed that mRNA-ZFP57 was associated with ALT in the connection between mRNA-ZFP57 and clinical signature. CHB patients with increased ALT had a higher expression of mRNA-ZFP57 (Supplementary Table 2 ). All the results demonstrated the specificity and accuracy of ZFP57 and T039096, which could serve as biomarkers for CHB diagnosis and treatment.
DISCUSSION
lncRNAs are now emerging as regulators of diverse biological functions. Few studies have confirmed that lncRNAs play an important role in viral infection and inflammatory responses [25] . However, most studies have focused on HBV-related liver cancer and cirrhosis. There has been little research on HBV infection, only HBV or HBX can affect the expression of some lncRNAs in host cells [26] . In this research, we identified 5550 lncRNAs that were DE. By coexpression, cis-regulatory, and lncRNA-pathway network analyses, we identified that T039096 was correlated with ZFP57, which was predominantly DEG. By extending samples in 30 CHB and 30 ASC, the qPCR analysis revealed the expression of T039096 to be higher in CHB compared to ASC, suggesting that lncRNAs have great potential in elucidating the pathogenesis of, and targeted biomarker in CHB. Huang et al., found that the level of lncRNA DBH-AS1 was positively correlated with HBsAg, suggesting that DBH-AS1 might be related to HBV infection [27] . By receiver operating characteristic and area under the curve analyses, Lu et al., found that lncRNA uc003wbd and lncRNA AF085935 were observed at aberrant serum levels in healthy individuals and in HBV patients, which demonstrates that both lncRNA uc003wbd and lncRNA AF085935 are potential biomarkers of health and for HBV screening. All this research supports that lncRNAs represent important mechanisms in CHB and could be potential targets used in the diagnosis and treatment [28] . Throughout the microarray and bioinformatics analysis, we found two outstanding targets, lncRNA-T039096 and mRNA-ZFP57 which could serve as biomarkers in further research, diagnosis and treatment in CHB. However, owing to the small sample size in our study, these results regarding correlations should be treated with caution.
GO analysis revealed upregulated DEGs related to positive regulation of immune responses, regulation of defense responses, immune effector processes, and inflammatory responses in biological processes, which have close relationships with immunological processes. It is now well recognized that efficient control of viral infections requires the coordinated action of both innate and adaptive immune responses. During HBV infection, the presence of HBVspecific antibody-producing B-cells and functional HBVspecific T-cells ultimately determines HBV infection outcomes [29] . The difference between ASC and CHB is the host immune response to HBV infection, nevertheless, the mechanism of the immune response to this host is not clear. Some research revealed that bacterial-induced epigenetic deregulations may affect the host immune function either to promote host defense or to allow pathogen persistence [30] . So, we hypothesized that lncRNA could participate in the host immune response during HBV persistent infection. Our findings are in accordance with the studies on HBV infection and the immune process, in which the main enrichments were those corresponding to the innate and adaptive immunity responses. Additionally, we evaluated these DEGs by KEGG pathway analysis and identified 19 associated pathways, including the TGF-signaling pathway and complement and coagulation cascades, which are linked with cirrhosis in HBV infection and in hepatocellular carcinoma [31, 32] . These results indicated that DGEs participate in HBVmediated progression of CHB to liver cirrhosis and hepatocellular carcinoma.
Comprehensive analysis of lncRNA and mRNA expression profiles gives us a better understanding of the biological functions of DEGs and DELs in CHB. Therefore, we performed a correlation analysis of the DEGs and DELs by bioinformatics methods (co-expression, cis-regulation and lncRNA-pathway networks), and identified abundant correlations between the transcripts of the two groups. The correlations between lncRNAs and mRNAs suggest a possibility that lncRNAs function through upregulated or downregulated expression of their associated mRNAs. Importantly, we found that ZFP57, the most upregulated DEG, was associated with T039096. In addition, qPCR result showed that CHB patients had a higher expression of ZFP57, suggesting the potential for clinical diagnostic use. Although the results of the present study require further experimental verification, they provide insight into the significant role that lncRNAs have in the physiological and biochemical responses to mRNA in CHB.
Increasing evidence indicates the crucial role of lncRNAs in the ceRNA network in terms of modulating other RNA transcripts [33] . Despite the role of lncRNAs as ceRNAs having been extensively studied in HBVhepatocellular carcinoma [34] , the relevance of lncRNAs serving as ceRNAs in CHB is unknown, but expected. Our present study identified a ZFP57-specific ceRNA interactome, and the ceRNA network covered 3 lncRNAs, 5 miRNAs, and 20 edges. Interestingly, all the 5 miRNAs were found to be DE amongst CHB patients and ASC individuals in our previous research [35] . We suspect that the 3 lncRNAs play important roles involving ZFP57 by competing with the 5 miRNAs. However, further research is needed to test whether ZFP57 functions through these ceRNAs in HBV during CHB infection.
CONCLUSION
In summary, our comprehensive analysis provide novel knowledge on mRNAs and lncRNAs at the transcriptomic level regarding CHB. These results and conclusions will serve as important resources for future experiments that further investigate the role and regulation of lncRNAs and mRNAs in CHB. Furthermore, these findings suggest that lncRNA-T039096 and mRNA-ZFP57 may be the novel targets for the diagnosis and treatment of CHB. 
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